SP-0632: Real-time telerobotic 3D ultrasound for soft-tissue guidance concurrent with beam delivery  by Hristov, D. et al.
S244  2nd ESTRO Forum 2013	
population, resulting in a mean effective dose of 0,055 mSv per caput. 
The contribution of NM procedures to the total population dose is 
about 5 %.   
The overall per caput effective dose for all medical imaging (X-rays + 
NM procedures) is therefore 1,13 mSv for EU and EFTA countries and 
1,105 mSv for all European countries. These values are about half of 
the recent value of collective effective dose estimated in Australia 
and about one third of the corresponding value in the USA. However, 
comparing the results with an earlier estimation of population dose in 
Europe, in the DDM1 countries, there seems to be a trend upwards: 
the increase of per caput effective dose is on the average about 30 %.   
The overall collective effective doses of x-ray procedures per 1000 
populations can be seen in Fig.1 for different countries. The relative 
overall collective effective doses (% of the collective effective dose of 
all x-ray examinations), for the main groups of plain radiography, 
fluoroscopy, CT and IR, are also shown. It can be seen that computed 
tomography yields by far the highest contribution, on the average 57,0 
% (range 5,31 – 83,1 %), to the population dose in most countries, 
while the relative contributions of all main groups vary a lot between 
the countries.  
A relatively low value of population dose can be a good sign for a 
successful implementation of the justification and optimization 
principles in radiation protection, but it can also be related to the 
lack of imaging resources. A relatively high value, vice versa, should 
imply considerations on whether the justification and optimization are 
properly implemented. While the average dose in Europe turned out 
to be relatively low, there are high variations of the results between 
countries indicating that there is a need for further studies and follow 
up of the trends. It is important to investigate and ensure a proper 
balance between local imaging resources and optimal radiation 
protection. The distribution of the doses between various groups of 
examinations and other detailed results of this study can be exploited 
in comparing the practices and identifying the cases requiring highest 
attention.  
 
   
Fig. 1. Overall collective effective dose of x-ray procedures per 1000 
population for different countries.  The relative contributions of the 
four main groups (plain radiography, fluoroscopy, computed 
tomography and interventional radiology) are also shown.  
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Managing internal anatomy motion due to physiological random or 
quasi-periodical processes is a critical challenge in external beam 
radiation therapy especially in the context of single- or few-fraction 
ablative regiments for abdominal targets. Existing and emerging 
technologies for localizing abdominal targets during beam delivery 
employ tracking of implanted fiducial markers, tracking of external 
surrogates, or guidance via magnetic resonance images. However, 
these technologies cannot meet the challenge of providing real-time, 
volumetric, non-invasive, markerless soft-tissue image guidance to 
existing radiation delivery platforms.  
Diagnostic ultrasound is a safe, non-ionizing, non-invasive modality 
widely used in image-guided cancer interventions that has significant 
potential to address this challenge. Modern matrix array transducers 
can generate real-time soft-tissue single plane (2D), cross-plane, and 
volumetric (3D) data thus allowing optimization of frame rate, field-
of-view and image quality for the purposes of motion monitoring and 
tracking. Furthermore, digital navigation links that stream live data to 
other devices enable the development of real-time image-
guidance applications on dedicated interventional workstations with 
no interference to the imaging process.  
 
  
Figure 1.  Robotic manipulator combined with 4D ultrasound for real-
time image-guidance concurrent with beam delivery. 
 
Based on these capabilities we are developing and evaluating a novel 
approach that combines robotics with diagnostic ultrasound imaging 
(Figure 1). It uses a customized add-on human-safe robotic 
manipulator to control the force and position of an abdominal probe 
while avoiding gantry collisions. The transducer is optically tracked to 
localize the ultrasound images in the coordinate system of the 
delivery device. Image processing techniques are implemented to 
monitor anatomy displacements in real time. The approach is being 
evaluated with regard to imaging robustness, interference with 
delivery devices, impact on treatment plans, localization accuracy, 
and temporal lag.  
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Cone beam CT (CBCT) integrated with a linear accelerator has 
provided 3D and 4D soft tissue contrast for image guided 
radiotherapy. While volumetric imaging has considerably improved 
target alignment prior to treatment delivery, it has limited capacity 
to monitor target alignment during treatment delivery. 
Tomosynthesis, on the other hand, where projection data of only a 
sub-arc is reconstructed into a 2½D image has the potential to 
increase the temporal resolution of soft tissue imaging. To that end, 
Tomosynthesis reconstruction can be applied to projection data 
acquired during VMAT (Volumetric Modulated Arc Therapy) delivery or 
during gantry rotation between static IMRT beams. An overview will 
be given of Tomosynthesis reconstruction and registration techniques. 
Impact of respiratory motion on Tomosynthesis image quality and 
possible mitigation strategies will be presented. Trade-offs between 
temporal resolution and spatial resolution will be demonstrated and 
